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Wednesday, February 24, 2010 689aOur results indicate that LPA-membrane interactions depend on initial surface
pressure, phospholipid headgroup and degree of acyl chain saturation, presence
and amount of cholesterol, aqueous media conditions, and aggregation state of
LPA. These data suggest that, in addition to its function as a ligand for specific
GPCR, LPA interacts directly with the target membrane, constituting a role for
this phospholipid as a physical regulatory molecule for LPA cellular signaling
pathways.
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In biological cells and in solutions, biomolecules are in constant competition
for water. The availability of water is critical to a wide array of processes
such as protein folding, molecular recognition, and cell signaling. To under-
stand these mechanisms, we distinguish between the water molecules residing
in the vicinity of biological macromolecules and the most distant water mole-
cules in the bath. What happens on the surface of macromolecules? How to in-
vestigate the role and the properties of interfacial water? The problem is that the
spatial extent of hydration layers is very small, on the order of nanometers or
less. How to produce an experimentally measurable signal? Our approach to in-
vestigate the many remaining mysteries of molecular hydration is by using the
naturally extended water surfaces within multilamellar lipid structures. We
show how addition of salts, sugars, and most buffers make the interlamellar
(D) spacing of synthetic phospholipids membranes to increase. In contrast to
this behavior, low concentrations of highly hygroscopic molecules such as
PEG (polyethylene glycol) and DMSO (dimethyl sulfide) are found to decrease
the D-spacing. A very interesting case is that of the small molecular weight
PEG 400 with unusual effects on the interfacial hydration, in such a way that
at some concentration threshold the PEG molecules overcome a mixing barrier
and become included in the forbidding interlamellar water space. This behavior
is due to competitions between the strong exclusions forces from extended hy-
dration surfaces and entropy. We are currently investigating how biological rel-
evant molecules such as ‘‘Factor V’’ (BSA Bovine Serum Albumin) are mod-
ifying cellular osmoregulation and its effects on membranes stress. Knowing
how molecules interact at the lipid-water interface could prove beneficial in
the drug design of anesthetics, cryoprotectants of mammalian cells, and in gen-
eral, of molecular stressor affecting biological cells.
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Membrane tether experiments, which involve applying point forces to mem-
branes to form thin tubes of the membrane, provide a powerful method to dras-
tically alter membrane curvature. To study the formation of membrane tethers,
we have designed and built a magnetic force transducer (MFT) using microfab-
rication techniques. MFTs have traditionally suffered from an inability to pre-
cisely calibrate the force. Quantitative determination of the tether formation
force using theoretical models of membrane mechanics, may be done very ac-
curately if the applied force is known with sub-piconewton accuracy. Our ini-
tial results indicate our ability to control the amplitude of the force up to 10 pN
within þ/- 0.2 pN over a constant length of 50 microns. We have used this de-
vice to determine tether formation forces from POPC giant unilamellar vesicles
and find that formation forces range from 3 to 10 pN. When tethers are repeat-
edly pulled from the same vesicle, the formation force is constant, suggesting
that individual GUVs may have differences in their mechanical properties.
A particular advantage of our device is that a wide range of dynamic force pro-
files can be applied via a computer-controlled interface, enabling studies of re-
sponses of membranes to dynamic force application at kilohertz frequencies.
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The first step leading to the breaching of the cell membrane and infection of
healthy cells is often the multivalent recognition and adhesion of glycan bind-
ing proteins (GBPs) on pathogens and glycans on host cell membranes. Suchmultivalent interaction depends critically on the mobility and density of signal-
ing molecules on the membrane surface. While glycan microarrays have been
used in exploring multivalent interactions, the lack of mobility and the diffi-
culty in controlling surface density both limit their quantitative applications.
Here we apply a fluidic glycan microarray, with glycan density varying for or-
ders of magnitude, to profile cell surface interaction using a model system, the
adhesion of Escherichia coli (E. coli) to mannose. We show the quantitative de-
termination of monovalent and multivalent adhesion channels; the latter can be
inhibited by nanopartices presenting a high density of mannosyl groups. These
results reveal a new E. coli adhesion mechanism: the switching in the FimH ad-
hesion protein avidity from monovalent to multivalent as the density of mobile
mannosyl groups increases; such avidity switching enhances binding affinity
and triggers multiple fimbriae anchoring. Affinity enhancement towards
FimH has only been observed before for oligo-mannose due to the turn on of
secondary interactions outside the mannose binding pocket. We suggest that
the new mechanism revealed by the fluidic microarray is of general significance
to cell surface interactions: the dynamic clustering of simple sugar groups (ho-
mogeneous or heterogeneous) on the fluidic membrane surface may simulate
the functions of complex glycan molecules.
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Activation of coagulation factors is regulated by their binding to and complex
formation on the surface of anionic membrane resulting in an increase of the
enzymatic activity by several orders of magnitude. Complex formation of tissue
factor (TF) and factor VIIa (FVIIa) on anionic membranes constitutes one of
the key steps in the coagulation cascade. The mechanisms for the enhancement
of the enzymatic activity of FVIIa by TF is not fully understood, primarily due
to the lack of atomic models for the membrane-bound form of the TF:FVIIa
complex.
We report a first membrane-bound model of the TF:FVIIa complex resulting
from large-scale molecular dynamics simulations. The dynamics of FVIIa
and soluble TF (sTF) was investigated in solution and on the membrane,
both in their isolated and complex forms. Our model of membrane-bound
GLA domain was used to construct the membrane-bond models of the
TF:FVIIa complex and monomers. All-atom simulations were performed for
tens of nanoseconds to investigate the protein dynamics after establishing op-
timal protein-protein/protein-lipid interactions.
The results reveal that sTF restricts the motion of FVIIa, thus optimally orient-
ing its catalytic triad for the interaction with its substrate factor X (FX).
Several direct interactions between the membrane lipids and the side chains
of sTF, including the regions of K159-K166 and D180-N184 that form the
exosite of the substrate FX, are observed. Interestingly, sTF sustains two dis-
tinct orientations against the membrane and different conformations of the
K159-K166 loop, in the isolated and complex forms. These findings suggest
that TF orients itself on the membrane surface through the interactions both
to the membrane and FVIIa, independent of its trans-membrane anchoring he-
lix and that the exosite on TF is available for FX binding only after TF:FVIIa
complex is formed.
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The breast cancer specific gene protein 1 also known as g-synuclein is unde-
tectable in normal or benign breast lesions, but it is highly expressed in infiltrat-
ing breast cancer. The precise role of g-synuclein in malignancies is not well
known. We investigated whether g-synuclein might affect activity of phospho-
lipase Cb2 (PLCb2). PLCb2 is also absent in normal breast tissue, but it is
highly expressed in breast tumors where it is correlated with the progression
and migration of the tumor. Expression of PLCb2 is highly correlated with ex-
pression of g-synuclein. We found that g-synuclein binds PLCb2 in vitro with
high affinity, Kd ¼ 23 þ/- 3 nM. PLCb2 is activated by heterotrimeric G pro-
tein and by members of Rho family of GTPases (in particular Rac1), which are
